An important problem in chemotherapy is the development of resistance to sulfonamides both in vitro and in vivo. Spink (1), Land),. (2), and Mirick (3) have shown that when Stapkylococcus aureus and pneumococci become resistant an antisulfonamide substance is elaborated into the media by these organisms. Mirick (3) concluded that the substance produced by pneumococci was p-aminobenzoie acid (PABA) and Spink (1) and Landy (2) coneluded that the substance produced by the staphylococci was also PABA, although Spink pointed out that bioassay by the method of Lewis (4) did not yield unequivocal results. Our interest in the identity of this substance was enhanced by our previous findings (5) that certain pathogenic bacteria produce a significant quantity of another diazotizable amine during sulfonamide bacteriostasis which proved not to be PABA (6) but to which a role in the bacterial synthesis of purines has been assigned (7, 8) .
(From the Department of Bacteriology, College of Physicians and Surgeons, Columbia University, New York)
(Received for publication, November 5, 1951) An important problem in chemotherapy is the development of resistance to sulfonamides both in vitro and in vivo. Spink (1), Land),. (2) , and Mirick (3) have shown that when Stapkylococcus aureus and pneumococci become resistant an antisulfonamide substance is elaborated into the media by these organisms. Mirick (3) concluded that the substance produced by pneumococci was p-aminobenzoie acid (PABA) and Spink (1) and Landy (2) coneluded that the substance produced by the staphylococci was also PABA, although Spink pointed out that bioassay by the method of Lewis (4) did not yield unequivocal results. Our interest in the identity of this substance was enhanced by our previous findings (5) that certain pathogenic bacteria produce a significant quantity of another diazotizable amine during sulfonamide bacteriostasis which proved not to be PABA (6) but to which a role in the bacterial synthesis of purines has been assigned (7, 8) .
To obtain conclusive evidence concerning the nature of the antisulfonamide substance produced by sulfa-fast staphylococci, we have attempted the isolation and characterization of this amine from culture media and found it to be PABA.
E X P E R~N T A L
Production of the Amine.--A 20 liter flask was equipped with a sintered glass-tipped air inlet tube, an air outlet tube, and a sample withdrawal outlet. To this flask was added 16 liters of a solution containing NI-Ia citrate (80.0 gin.), Na~COt (40.0 gin.), NaCI (32.0 gm.), MgSO~ (3.2 gin.), KHsPO4 (48.0 gin.), and 1 liter of beef infusion broth. The flask and contents were then autoclaved for 1 hour at 20 lbs. pressure. After removal from the autoclave and while cooling, the air inlet and outlet tubes were stoppered to create a partial vacuum in the flask. stop-cock, permitting the solution to be drawn into the culture flask. In a s~mil~r fashion the medium was inoculated with a 24 hour culture of the hemolytic staphylococci in 50 rid. of beef infusion broth. The inoculated medium was incubated at 37°C. for 4 days, during which time a steady supply of air was maintained by passing air through a sterile cotton plug and dispersing it through the sintered glass tip of the air inlet tube.
After the incubation period, a sample was withdrawn, centrifuged, and analyzed for amine by the Bratton-MarshaU~rocedure (9) . In a typical run the concentration of amine, calculated as PABA, was found to be 5.5 -r/cc., or a total of 88.0 rag. in 16 liters of culture.
Isolation of t~ Ami~.--After considerable trial and error in the use of ion exchange resins 1 the strong acid cation-exchanger amberlite IR-120 was found to offer the most attractive possibilities for concentration of the amine from the culture medium. Accordingly, a column of this resin (3.5 cm. × 70 cm.) was prepared and placed in the acid form by cycling with 10 per cent HC1. In a typical run, 9 liters of centrifuged culture medium, containing 43.5 rag. of amine (calculated as PABA), were run through the column before any diazotizable amine appeared in the eluate effluents. After washing with copious quantities of distilled water, the column was eluted with a 2 per cent pyridine solution. The eluates were collected in 100 ml. portions, filtered to remove all solid materials, and tested for dlazotlzable amine. A total of 36.5 rag. of amine, representing 84 per cent recovery, was collected in 900 mi. of eluate.
Portions of the combined eiuates were then acidified to pH 3.7 with concentrated I-IC1 and subjected to continuous extraction with peroxide-free ether under an atmosphere of nitrogen. In a typical run an 800 ml. portion of eluate containing 14.8 mg. of amine (calculated as PABA) was extracted for 10 hours, at the end of which time 13.8 rag. Identi.fw~ion of tl~ A m/ne.--For purpose of characterization ultraviolet spectra were taken of the impure amine in buffered solutions at two different pH's. In 1 M acetate buffer at pH 3.7 the amine showed a maximum absorption at 282-285 m/~ with e = 14,500 (calculating the amine as PABA). In a 1 ~ acetate buffer at pH 6.0 this maximum exhibited a shift to lower wavelengths (maximum at 266 m/~ e ffi 16,400) characteristic of various disubstituted benzenes, in particular p-aminobenzoic acid (10) .
For further comparison of the amine with PABA resort was had to paper chromatography. In a sample run, 247 of the amine and 287 of PABA in 0.02 ml. of methanol were put on a strip of Whatman No. 1 filter paper. An ascending chromatogram was made by immersing the bottom edge of the strip in a solution of 0.1 N HCI. After 3 hours the strip was removed, air-dried, and developed by a modification of the Brstton-Marshall procedure involving the use of an atomizer to spray the reagents on the paper. In this fashion purple spots were obtained on the chromatogram, that of the amine having an R l ffi 0.77 and that for PABA an Rs ffi 0.78.* When a chromatogram was attempted on a large amount of the amine (48~), a small purple spot having an R! ffi 0.51 was obtained in addition to the main spot R/ = 0.77. Chromatograms were also done on Whatman No. 1 and Scideicher and Schueil strips using a solution of butanol saturated with water (11) . In this system the amine showed an R I ~ 0.71 on the Whatman ~o. 1 paper and an Rt ffi 0.83 on the Schleicher and SchueU paper compared to Rs's ffi 0.73 and 0.83, respectively, for the PABA. Once again when a large quantity (50 3") of the amine was chromatographed under these conditions, a trace of another dlazotizable amine was located having an Rt ffi 0.94 on Whatman No. 1.
I We wish to thank the Rohm and Haas Co. for submitting samples of their resins for our use.
Distance travelled by spot *R! Distance travelled by solvent front" iIt seemed reasonable that this trace of another diazotizable amine was responsible for the discrepancies in molecular extinction between the isolated amine and PABA. Therefore another chromatogram was made of the isolated amine and PABA on Whatman No. 1, using butanol saturated with water. After air drying, narrow strips were cut from the chromatogram and developed in the usual way to indicate the positions of the diazotizable amines. Then strips of paper corresponding in position to the developed spots were cut off the chromatogram and eluted with 4 ml. of a 1 M acetate buffer, pH 6.0, for 4 hours at 37°C. In this way the small amount of diazotizable impurity was removed from the main portion of amine. Ultraviolet spectra of the eluted portions now showed a maximum for the amine at 265 mt~ with e ----13,500 and a maximum for PABA at 265 m~ with ~ =. 13,000. In addition, the shapes of the curves were quite similar.
Preparation of Derivative.--Using essentially the procedure of Sanger (12), approximately 20.0 rag. each of the amine and PABA in 1.5 mi. of H20 and 40.0 rag. NaHCOs were shaken for 2 hours with 1.0 nil. portions of a saturated ethanolic solution of 2,4-dinitrofluorobenzene. The resulting mixtures were concentrated under a stream of N2 to remove the ethanol and then washed into separatory funnels with 30 ml. portions of dilute NaHCO~ solution. After three extractions with 30 ml. portions of ether, the aqueous layers were acidified with concentrated HC1 and the resulting precipitates collected by centrifugation and decantation. After recrystaUization from methonol-H20 the 2,4-dinitrophenyl derivative of PABA showed a m.p. 304-306 ° (with decomposition) and the amine m.p. 306-308 ° (with decomposition). A mixed m.p. showed no depression.
DISCUSSION
The data presented would appear to establish the identity of the amine as PABA. In addition, the bacterial product simulated PABA exactly in supporting the growth of a strain of Esckerichia coli requiring PABA in a synthetic medium. 2 Furthermore, the soil bacillus 2 described by Mirick (3), which decomposes PABA so that it is no longer diazotizable, similarly attacks the bacterial amine. Finally, this amine is readily acetylated by acetic anhydride, unlike 5(4)-amino-4(5)-imidazolecarboxamide which is produced during suffonamide bacteriostasis (5, 6).
The small quantity of contaminating amine apparently not PABA was not investigated further.
SUMMARY AND CONCLUSIONS
Previous studies have shown that when Staphylococcus aureus becomes resistant to sulfonamides, an antisulfonamide substance is produced in the growth medium. Although these studies suggested that the substance was p-aminobenzoic acid (PABA), isolation and positive identification were not achieved. Because of the importance of these observations, unequivocal identification of the product was attempted.
A strain of Stapkylococcus aureus resistant to sulfonamides was cultivated on a simplified medium, the organisms separated in a Sharples centrifuge and the diazotisable amine absorbed on amberlite IR-120 previously acidified. Elution was accomplished with pyridine and the amine recovered by ether extraction st pH 3.7. Paper chromatography revealed one amine resembllnE PABA and another confAminatin~ dia~tizable amine present in very m~udl amounts. The PABA-like amine was further separated by chromatography; its R! value and its spectrum in the ultraviolet then equalled those obtained with PABA. A 2,4-dlnltrophenyl derivstive of the amine was prepared and the m.p. was ~imilar to that of the derlvstive made from PABA.
On the basis of the physical and chemical properties described, it would appear tmequivocal that this bacterial amine is PABA'.
